cleaved from a precursor proneurotensin/ proneuromedin protein. NT localises within dopaminergic neurones in the mesocortical, mesolimbic and nigrostriatal systems 1-3 and it is now clear that NT can selectively modulate dopaminergic neurotransmission.
NTS has been physically mapped to chromosome 12q21 16 and contains four exons, 4 the largest being exon 4 which encodes NT (as well as Neuromedin N (NMN)). In order to identify variants that might affect protein structure or expression (so called VAPSEs), 17 we used DHPLC to screen 1381 bases of the proneurotensin gene including all four exons and 283 bases of the 5Ј flanking region. Our screening sample comprised 28 subjects with functional psychosis (14 schizophrenics and 14 bipolar patients).
DHPLC analysis revealed heteroduplexes in three PCR fragments. Of the total of 28 individuals used in the screening set, one individual (a bipolar proband) showed a heteroduplex formation in exon 3; four schizophrenics displayed chromatograms characteristic of heteroduplexes in fragment 1a, and four schizophrenics and one bipolar patient revealed heteroduplexes in fragment 1b. Sequencing identified these heteroduplexes as a CϾG in fragment 1b (NTS-166CϾG), an AϾG in fragment 1a (NTS-3AϾG). and a CϾA in fragment 3 (NTS+187CϾA). These biallelic polymorphisms occur at base numbers −166, −3 and +187 respectively, relative to the ATG (according to GenBank S47339).
Polymorphisms NTS-166CϾG and NTS-3AϾG are located in the 5Ј flanking region and 5ЈUTR respectively. The third variant, NTS+187CϾA results in a leucine to isoleucine change in the precursor protein at residue number 64 from the amino terminus (GenBank 1907393). We have not undertaken functional analyses of these variants but as they are located within the promoter region (NTS-166CϾG), the 5Ј UTR (NTS-3AϾG), and one changes the amino acid sequence (NTS+187CϾA), albeit conservatively, all three are possible VAPSEs.
In order to test the hypothesis that these variants might contribute to the aetiology of psychosis, a schizophrenia case control sample was genotyped for the NTS-166 and NTS-3 polymorphisms using a novel multiplex HPLC-primer extension assay system. 15 The principle of the method is described in Figure 1 . Although the NTS+187 variant was the only variant we found that results in an amino acid change, this was not tested because its frequency was so low (one occurrence in 158 subjects, allele frequency estimated at Ͻ0.003 in approximately equal numbers of controls, Figure 1 Diagram illustrating the NTS-3 polymorphism primer extension reaction. When incubated with a template containing a G at the polymorphic site, a ddC is attached to the primer resulting in a product of 21 bases. When incubated with a template containing an A at the polymorphic site, the primer is extended by the addition of two dTTP residues and a ddC, resulting in a product of 23 bases.
schizophrenics and bipolar probands) that it is not possible for it to make a major contribution to general susceptibility to psychosis. Allele frequencies were not significantly different in the patient group as compared with controls for the NTS-3 (patients n = 362, allele A n = 336, allele G n = 26; controls n = 398, allele A n = 354, allele G n = 44; 2 = 3.401, 1 df, P = 0.065) or NTS-166 polymorphisms (patients n = 374, allele C n = 278, allele G n = 96; controls n = 344, allele C n = 274, allele G n = 70: 2 = 2.853, 1 df, P = 0.092). Similarly, genotypes for NTS-3 (patients n = 181; AA = 157, AG = 22, GG = 2; controls n = 199, AA = 158, AG = 38, GG = 3: 2 = 3.625, 2 df, P = 0.164) and NTS-166 polymorphisms (patients n = 187, CC n = 99, CG n = 80, GG n = 8; controls n = 172, CC n = 109, CG n = 56, GG n = 7: 2 = 4.163, 2 df, P = 0.125) were not significantly different in the patients compared with controls. Genotype frequencies were not significantly different from Hardy-Weinberg expectation.
To incorporate information from both markers, we performed a haplotype analysis using the computer program HAPMAX (http://www.uwcm.ac.uk/uwcm/ mg/download) which estimates haplotype frequencies for multiple markers using an EM algorithm to allow for phase unknowns. No evidence was found for association of the disease with haplotypes constructed from both markers ( 2 = 4.82, 3 df, P = 0.185). To estimate LD between the markers, we used HAPMAX to estimate haplotype frequencies in the combined samples of patients and controls. These were (haplotypes given as NTS-3/NTS-166) G/C = 0.0912, G/G = 0.0003, A/C = 0.6756, and A/G = 0.2329. Not surprisingly given their proximity, the markers were found to be in LD ( 2 = 8.6, 1 df, P = 0.003) with DЈ = 0.98, that is, LD is 98% of the maximum possible given the observed allele frequencies (see Methods).
The results of this study do not support the hypothesis that DNA sequence variation in NTS contributes to susceptibility to schizophrenia. As in all studies, there are however a number of caveats. The first concerns the sensitivity of our procedure for screening for sequence variations. We have previously shown in blind study designs that DHPLC is a highly sensitive method for detecting sequence variation. 18, 19 It is therefore unlikely that there are sequence variants present in our screening subjects that we have failed to detect.
The second concerns the power of our screening sample. Under the null hypothesis that there are no polymorphisms in NTS that alter susceptibility to schizophrenia or bipolar disorder, our screening panel consisting of 14 unrelated schizophrenics and 14 unrelated patients with bipolar disorder has power of 0.95 to detect polymorphisms with a frequency of 5% in the general population. It is therefore unlikely that we will have missed common polymorphisms in this study. However, our data apply only to the population studied here (UK Caucasian) and we cannot exclude the possibility that common variants in NTS might confer susceptibility to schizophrenia in populations of a different ethnic background.
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Finally, we note that like all studies of this nature, the power of the study for exclusion depends upon the putative effect size of the sequence variants. For the NTS-3 polymorphism, the upper limit of the 95% confidence interval for the OR (allele G) is 1.03 while for the NTS-166 polymorphism the upper limit of the 95% confidence interval for the OR (allele G) is 1.9.
With the above caveats in mind, our data suggest that polymorphisms in NTS do not contribute to the aetiology of schizophrenia. However, the variants in NTS we report here are candidate polymorphisms for other disorders in which altered dopaminergic transmission is proposed including Parkinson's disease, bipolar disorder, ADHD, and substance abuse.
Materials and methods

PCR
Unpublished intronic sequence for NTS provided by Paul Dobner was used for primer design, thus some primer sequences provided will not be found in GenBank S47339. NTS was amplified as five fragments of size ranging between 258 and 401 bases (Table 1) . Exons 2, 3, and 4 were each amplified individually while exon 1 is represented in two fragments, 1a and 1b. Excluding primer sequence, the latter includes 283 bases of 5Ј flanking region. The sample for comparative sequencing consisted of 14 subjects meeting DSM-IV criteria for Schizophrenia and 14 subjects meeting DSM-IV criteria for Bipolar disorder. PCR amplification took place using a Hybaid Express Thermocycler (Hybaid, Middlesex, UK) in a volume of 25 l containing 40 ng of genomic DNA, 20 pmol of each primer, 100 m dNTPs, and 1 unit of Taq Polymerase (Qiagen, Crawley, UK) in the buffer supplied by the manufacturer. The primers, fragment sizes, PCR conditions, DHPLC oven temperatures and analytic gradients are detailed in Table 1 . Before DHPLC analysis, PCR products were denatured by heating to 94°C for 1 min and were then allowed to reanneal by cooling to 70°C over 25 min.
Detection of polymorphisms DHPLC was performed as described in detail elsewhere. 18 To allow exhaustive comparative sequencing, the column temperature for DHPLC analysis was determined using two methods for each fragment. The first is an empirical determination of the temperature that results in elution approximately one minute earlier in the gradient compared with non denaturing conditions. 18 The second method uses software to predict optimal temperatures that is freely available on the Internet (http://insertion.stanford.edu/melt.html). Both methods in our hands have 100% sensitivity to date in blind analyses of more than 150 different sequence variants in more than 44 amplimeres. 18, 19 Where the different methods suggested different optimal temperatures, both sets of conditions were used. Note that because some fragments have multiple melting domains, some are run at multiple temperatures.
Where DHPLC analysis suggested that a subject was heterozygous, the PCR products from that individual were sequenced to determine the nature of the polymorphism using either the Thermo Sequenase Cycle Sequencing kit or the Sequenase Version 2.0 T7 DNA Polymerase Sequencing kit as described by the manufacturer (Amersham, Bucks, UK).
DNA samples
The case control study was undertaken using 203 unrelated British Caucasians born in the UK or Eire meeting DSM-IV 20 criteria for schizophrenia. These comprised a single member of 138 affected sib-pairs ascertained through mental health services and relatives' support groups in England and Wales, and 65 unrelated individuals recruited from inpatient and daypatient facilities in South Wales. There were 144 males and 59 females. Diagnoses were made using OPCRIT version 3.31, 21 and were based on all available clinical information, including a semi-structured research interview (SCAN 22 or PSE-9 23 ), review of case records and information from relatives and mental health professionals. Local Research Ethics Committee approval was obtained, and subjects gave written informed consent to participate. Two hundred and three control individuals were individually matched to probands for age, sex, and ethnicity from more than 700 blood donors recruited from the local branch of the National Blood Transfusion Service (Wales). Controls were not specifically screened for the absence of psychiatric illness. 24 
Genotyping
Genotyping was performed by Primer Extension and HPLC using a method we have described in detail elsewhere. 15 In brief, following amplification of the fragment of interest, an extension primer was annealed to the PCR product and extended in size by different numbers of bases depending upon the sequence variant. This is shown for the NTS-3 polymorphism in Figure 1 . When incubated with a template containing a G at the polymorphic site, a ddC (which terminates the extension reaction) was attached to the 20-base extension primer resulting in a product of 21 bases. When incubated with a template containing an A at the polymorphic site, the primer was extended by the addition of two dTTP residues (permitting further extension) and a ddC (which terminates extension), resulting in a product of 23 bases. The primer adjacent to the NTS-166 polymorphism was extended by one base (ddC) in the presence of a C allele and by two bases (dG and ddA) in the presence of a G allele. The extension products were then separated by size (allowing allele determination) using the same HPLC apparatus used for mutation detection. Sample chromatograms from a double homozygote and a double heterozygote are shown in Figure 2 .
Multiplex genotyping for polymorphisms NTS-3 and NTS-166 was made possible by amplification of fragments 1a and 1b as one large fragment of 587 bases (using primers 1aR and 1bL, see Table 1 ) containing both polymorphic sites. Five microlitres of PCR product were treated with 0.5 units shrimp alkaline phosphatase and 5 units exonuclease 1 (both from Amersham, Bucks, UK). The treated PCR product was then subjected to primer extension in a total volume of 20 l containing 12.5 pmol of each primer extension primer, 2 units of Thermo Sequenase (Amersham), 2 l of the reaction buffer supplied by the manufacturer, and 50 mM of each dNTP and ddNTP specific for the reaction (Table 2) . Primer extension cycling conditions were: denaturation of 96°C for 1 min, and 50 cycles of 96°C for 10 s, 43°C for 30 s and 60°C for 50 s. HPLC parameters, primer extension primers and product sizes are described in Table 2 .
The primer adjacent to the NTS+187 polymorphism was extended by one base in the presence of a template containing an A at the polymorphic site, and by two Figure 2 Genotyping chromatograms. The unextended primers are labelled 1a and 1b for the NTS-3 and NTS-166 polymorphisms respectively. In (a) peaks corresponding to single extension products of the 1b primer with a C and the 1a primer with an A denote homozygosity for these alleles at each locus. In (b) peaks corresponding to extension of the 1b primer at C and G, and the 1a primer at G and A denote heterozygosity at both loci. bases when in the presence of a template containing a C at this site (data not shown).
Statistical analyses
The null hypotheses of no association between schizophrenia and candidate polymorphisms were tested by 2 using Minitab version 10.5 32-bit software. All tests are 2-tailed. Haplotype and marker-marker LD analyses were undertaken using the computer program HAP-MAX (M. Krawczak: http://www.uwcm.ac.uk/uwcm/ mg/download). This program, which was first used to estimate marker haplotype frequencies on transmitted and non-transmitted chromosomes in CF families, 25 employs an EM algorithm to allow for phase unknowns. The resulting maximum likelihood estimates of haplotype frequencies were tested for differences making use of the fact that twice the log-likelihood difference between the models involved approximately follows a 2 -distribution. The DЈ estimate of LD 26 was calculated from the HAPMAX estiMolecular Psychiatry mated haplotype frequencies as shown by Devlin and Risch. 27 DЈ is the difference between the observed haplotypes and that expected under independence divided by the maximum difference that could be achieved given the observed allele frequencies. 26 Power calculations were performed using the POWER programme (software written and kindly provided by P McGuffin and P Holmans). ORs were calculated by Jwoolf programme (software written and kindly provided by P McGuffin and J Williams).
